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(57) ABSTRACT

A unicast/multicast system has an internal cell generating
section that generates an internal cell to include 1ts output

index 1nformation based on user data, and an output port
conversion table that stores the relation of output index
information and output port number for the internal cell in
the form of one-to-one for the unicast and one-to-multiple
for the multicast.

7 Claims, 6 Drawing Sheets

J7-1 20

GATE
SELECTION Cﬁgaﬁ’(%lm
DESTINATION-
BASED T
DISTRIBUTION
SECTION | BUFFER
16
13 |
SWITCHING
REQUEST '
ADJUSTING

SECTION



US 6,895,006 B1

Sheet 1 of 6

May 17, 2005

U.S. Patent

NOILD3S
el ONLLSAT OV
1S3N03I

IMOJSSOYD

0¢

411408

T

y344ng

[T,

-4

J18Y1
NOISYIANGD

S 0d IndLno

9l

NOFLD IS NOILD3S
NOILNA@IHLSia| | NOILI3S INIAIFDIY
a3sy8 HodY 1S 113D
-NOHLYNILSTQ X3IQNI TYNYILN)

NOILIIS
ORLLY &N IO
INIRI L

NOI1O314S
10

1

Gl bl

{914

INM1VYYN3O
1130

TYNY3IN|

Ol

NOILD3S

Y1¥Qa ¥Isn



U.S. Patent May 17, 2005 Sheet 2 of 6 US 6,895,006 B1

FIG.2

" START ) -

RECEPTION OF INTERNAL CELI

P
“XTRACT HEADER FIELD FS15 TRANSFER THE INTERNAL CELL
TO TIMING GENERATING SECTION
| - S13
— — GIVE A DELAY IN THE TIMING
READ THE OUTPUT PORT NUMBER l
USING THE QUTPUT INDEX 516 GENERATING Se¢ TION
INFO OF HEADER FIELD '

AS ADDRESS

| CONTROL THE GATE SECTION

SBASED ON THE READ DATA
(QUTPUT PORT)

| CELLCOPYINGBY | ..,
THE GATE SECTION

STORING INTO BUFFER

513

—

SEND STORING

CONFIRMATION SIGNAL
§19 —~— (SWITCHING REQUEST SIGNAL)

TO THE SWITCHING REQUEST
ADJUSTING SECTION

CONTROL OF CROSSPOINT
SWITCH AND NOTIFICATION OF
520~ "ALLOWANCE TO BUFFER
BY THE SWITCHING REQUEST
ADJUSTING SECTION

NV U F—

SWITCHING [~— S¢1
; ND f:>

.\____

P e e——



U.S. Patent May 17, 2005 Sheet 3 of 6 US 6,895,006 B1

HEADER FIELD 41
~— 42
DATA FIELD
\ 40
41
e e
71: UNICAST/MULTICAST IDENTIFIER
HEADER
FIELD [ OUTPUT INDEX INFORMATION 72
DATA FIELD /3

\

40



—
am
=
<. {379yl
4, VYL1VYQ NOIS¥IANDD SSIYAaY
0 —1 {HOd INdLin0)
\& AHOWIN
 p
-
qet
(NOILD3S
& HIYY3S XION)
= 1INJYD TOAINOD
N ONIQY 3H AHOWIN NOILI3S
3 ¥344N¢ HEk INIAIFITY 1139
= 3dA1 044 q YJAY3IH 11130 IWNY3INI TYNE3IINI
veu~[[[ T[] ~+< *
S
: st ~{[]_IIT VOO
m,. z- wzﬁﬂﬂwhﬂw 9
~ 1139

=
S
= NOILD3S
= AV .
. vy I1d
/]
- gl



U.S. Patent May 17, 2005 Sheet 5 of 6 US 6,895,006 B1

FIG.5

QUTPUT PORT NUMBER

C 4313 00976543210

001, 0000000000000 0"

002, 00000000000000 10

003, 0000000000000 00

004, 000000000000 1000|]| FORUNCAST
005, 0 00000000001000 0

006, '

00Fy 1 0000000000000 0 O
010, 000000000000 00 1 1

011, 0000000000000 10 !
012, 000000000000 100 ]

KIND OF INDEX BNFORMATION

FOR MULTICAST

_— _— - ol b L



v
aa
\G
= [ @ayy
S Yi¥0 | jois3anop | SS3¥aaV
% | 1¥0d 1Nd1N0)
> _ AYOMZN |
— h .
- gl
(NOILD3IS _ —
HIALNIO! LSYOI NN/ LSYIRM | m_%u%m wmmmzmo _“
S oMLSANdY M314n8 |IRITYL AMOKEIR = o S hw%ﬁ%%wg,
= 1SIND3Y u-0Ll  3dAL 03 . T3 T 1Y =
- 9RIHI LIRS Y o |
g T T T R
FANIRIOVNVIA— | ) © | {NOILI3S
| 434408 | o’ | oMiLVNINIS | S
= w3y ”  now> 1 50 v
T oMLSNQY -0 i iend AL
> Siiplaso— 104 T
> Ol ———m— ovl
NOI123S _ | _
LNINIOYRYR NO(LOIS | NOFLD3S
4344N§ 31Y9 EIAR,
1-341 26l g

9 914

U.S. Patent



US 6,595,006 Bl

1
UNICAST/MULTICAST SYSTEM

FIELD OF THE INVENTION

This 1nvention relates to a system for unicasting or
multicasting IP packets. ATM cells etc.

BACKGROUND OF THE INVENTION

As a switch for processing a multicast cell, for example.
Japanese patent application laid-open No.9-162879 (1997)
discloses a shared buffer type ATM. This ATM switch has
address buifers provided for its output ports, respectively.
The multicast 1s conducted by sequentially transferring the
address pointer of a shared buffer where a multicast cell 1s
stored. Also, the ATM switch needs to be provided with a
counter for confirmation of the number of broadcast to be
decremented every time a multicast cell 1s output.

However, the ATM switch has problems below.

The first problem 1s that 1t 1s necessary to provide a large
amount of the buffer for multicast so as to cope with a case
that the ratio of multicast calls 1n traffic increases.

The second problem 1s that 1t may cause the lowering of
throughput since the subsequent multicast processing cannot
be run before the counter for confirmation of the number of
broadcast becomes zero.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the invention to provide a
unicast/multicast system that allows a unicast cell and a
multicast cell to be processed 1n the same circuit.

According to the invention, a unicast/multicast system,
COMPrises: COMprises:

an 1nternal cell generating section that generates an inter-
nal cell based on user data;

an mternal cell receiving section that outputs the mternal
cell to a timing generating section and outputs a header
field of the internal cell to an 1ndex search section;

an output port conversion table that stores the relation of
output index mformation and output port number in the
form of one-to-one for the unicast and one-to-multiple
for the multicast;

the index search section that extracts output index infor-
mation from the header field to be sent from the internal
cell recerving section, refers to the output port conver-
sion table for an output port number corresponding to
the output index mnformation extracted, and outputs the
output port number obtained from the output port
conversion table to a destination-based distribution
section;

the destination-based distribution sections that controls a
gate section based on the output port number input
from the 1ndex search section;

a timing generating section that delays the internal cell
input from the internal cell receiving section and then
outputs it the gate section;

the gate section that distributes the internal cell input from
the timing generating section to the gate section accord-
ing to the control of the destination-based distribution
section;

a plurality of buffers that each store the internal cell
distributed from the gate section and, when receiving
the internal cell distributed from the gate section, sends
switching request signal to a switching request adjust-
Ing section;
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2

the switching request adjusting section that adjusts the
switching request signal input from the butfers between
the buffers and determines a route 1n a crosspoint
switch; and

the crosspoint switch that outputs the internal cell stored
in the buffers through the route determined by the
switching request adjusting section.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be explained 1n more detail in con-
junction with the appended drawings, wherein:

FIG. 1 1s a block diagram showing the schematic com-
position of a unicast/multicast system in a preferred embodi-
ment according to the invention;

FIG. 2 1s a flow chart showing the operation of the
unicast/multicast system 1n FIG. 1;

FIG. 3 1s a format diagram showing an 1nternal cell used
in the unicast/multicast system in the embodiment of the
mvention;

FIG. 4 1s a block diagram showing the composition of a
unicast/multicast system 1n a first preferred embodiment
according to the mvention;

FIG. 5 1s a table showing the content of a memory 13B 1n
FIG. 4;

FIG. 6 1s a block diagram showing the composition of a
unicast/multicast system in a second preferred embodiment
according to the invention; and

FIG. 7 1s a format diagram showing an internal cell used
in the unicast/multicast system 1n FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The preferred embodiments of the invention will be
explained below, referring to the drawings.

FIG. 1 1s a block diagram showing the schematic com-
position of a unicast/multicast system according to the
invention. In FIG. 1, 10 1s an 1nternal cell generating section
to generate a cell (hereinafter referred to internal cell) with
a 1ixed length and a specific format dedicated to switching,
based on user data such as IP packet (Internet protocol),
ATM (asynchronous transfer mode) cell etc. 11 is an internal
cell recelving section that has a function to extract a header
field from the internal cell. 12 1s an index search section to
get output port information corresponding to output index
information included 1n the header field by referring to an
output port conversion table 13. 13 1s the table to store
multiple index information and multiple output port number
information in the form of one-to-one for the unicast and
one-to-multiple for the multicast. 14 1s a timing generating
section to make the output of internal cell delay a predeter-
mined time. 15 1s a gate section that functions as a route to
buffers 17-1 to 17-n to store the internal cell. 16 1s a
destination-based distribution section that controls the gate
section 15 according to the output port information. 17-1 to
17-n are the FIFO (first-in first-out) type buffers that are
provided for output ports, respectively, and store the internal
cell for corresponding one of the output ports. Optionally,
the buifers 17-1 to 17-n may be divided into buffers for the
unicast and buifers for the multicast. 19 1s a switching
request adjusting section that controls a crosspoint switch 20
according to a switching request from the buffers 17-1 to
17-n.

Referring to FIGS. 1, 2 and 3, the operation of the
unicast/multicast system explained above will be explained
below.
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The internal cell generating section 10 converts global
user data such as IP packet and ATM cell mto internal cell.
As shown by a format diagram in FIG. 3, an internal cell 40
1s composed of a header field 41 and a data field 42. The
header field 41 stores destination information such as VPI/
VCI (virtual path identifier/virtual channel identifier) etc.
that 1s converted into particular and simple form so that the
internal cell 1s correctly subject to the switching inside the
unit. The data field 42 stores the original user data. The
internal cell receiving section 11 receives the internal cell 40
(step S11). Then, the internal cell receiving section 11 sends
the header field 41 of the received internal cell 40 to the
index search section 12, and sends the entire internal cell 40
to the timing generating section 14 (step S12). The index
scarch section 12 extracts output index information from the
header information of the header field 41 (step S15). After
extracting the output index information of the header field
41, the 1index search section 12 gets output port number by
referring to the output port conversion table 13 (step S16).
The 1mndex search section 12 sends the obtained output port
number to the destination-based distribution section 16. The
destination-based distribution section 16 controls the gate
section 15 according to the output port number received
from the index search section 12 (step S17). In this case,
when only one output port number 1s obtained, the gate to
one output port opens, and when multiple output port
numbers are obtained, the gates to multiple output ports
open. On the other hand, the timing generating section 14
makes the internal cell sent to the timing generating section
14 delay the predetermined time that 1s necessary for the
index search section 12 to search the output port number and
for the destination-based distribution section 16 to control
the gate section 15 (step S13). After the route of gate section
15 1s determined, the 1nternal cell 1s stored, through the gate
section 185, into a specific buffer 17-i (1=1=n) correspond-
ing to the output port 1n case of the unicast, and into multiple
buffers 17-i , . . ., 17-1 ,, (1;21 and 1,,=n) in case of the
multicast (step S14, S18). After the internal cell is stored in
the buffer 171 or butters 17— ,, . . ., 17-1 _, the buffer 17-i
or bufters 17-i , ..., 17-1_ sends the switching request to
the switching request adjusting section 19 (step S19). The
switching request adjusting section 19 conducts fairly the
adjustment to the switching request received from the mul-
tiple buffers 17-1 to 17-# 1n a unit time, and determines the
route of the crosspoint switch 20 (step S20). The crosspoint
switch 20 establishes the route to pass the internal cell based
on the route mnformation from the switching request adjust-

ing section 19, and conducts the switching of the internal
cell (step S21).

First Embodiment

A unicast/multicast system 1n the first preferred embodi-

ment according to the invention will be explained below,
referring to FIGS. 4 and 5.

In this embodiment, as the output port conversion table
13, a memory 13B such as RAM (random access memory)
or ROM (read-only memory) is used. In this case, the output
index information to be extracted by a memory reading
control circuit 12B to function as the index search section 12
corresponds to an address of the memory 13B, and the
output port number corresponds to data to be written 1n each
address of the memory 13B. Also, the memory 13D also
functions as the destination-based distribution section 16.
The output port number 1s stored in the form of bit pattern
so as to facilitate the control of the gate section 15B. In case
of the bit pattern form, the number n of ports corresponds to
the data width of the memory 13B. Therefore, when a
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4

complete unicast region 1s, 1n advance, made using a
memory of wide data width, 1t can cope with even such a
case that the number n of ports increases, by adding bat
pattern information for the multicast to the memory 13B.

FIG. 5 shows an example of the content of the memory
13B in a case that there are 4095 (=2"°-1) types of output
index information and there are 16 output ports. According
to need, the output 1ndex information can be expanded to

65535 (=2'°-1) types. The address range of 000H to 00FH
1s used for the unicast, and the address range of 010H to

FFFH 1s used for the multicast. In this way, bit patterns of
“1” for only one bit are used for the unicast, and bit patterns
of “1” for multiple bits are used for the multicast. Therefore,

by using the composition and operation for the multicast, the
unicast can be also handled.

When the memory reading control circuit 12B receives a
header field from the internal cell receiving section 10, 1t
extracts the output index information from the header field
and then conducts the read operation to the memory 13B
using the extracted output index information as address. In
reply to this, the memory 13B outputs, as output port
number, data corresponding to the output index information
(=memory address). The gate section 15B allows a buffer
corresponding to a bit with “1” of the data output from the
memory 13B to be enabled.

On the other hand, an internal cell sent to a delay circuit
14B 1s delayed 1n the delay circuit 14B during the processing,
time required to determine the route of the gate section 15B.
After the internal route of the gate section 15B 1is
determined, the mternal cell 1s output from the delay circuit
14, passing through the enabled buffer of the gate section
15B, written 1nto only a FIFO type buifer corresponding to

the enabled buifer. In case of the multicast, they are written

into multiple FIFO buffers of the FIFO butfers 17-1 to 17-n,
and 1n case of the unicast, 1t 1s written into one FIFO buffer

of the FIFO bufters 17-1 to 17-n.

Second Embodiment

In the second preferred embodiment of the invention,
even 1n a case that a multicast cell 1s desired to be subject to
the priority switching, it 1s nor necessary to provide separate
circuits for the unicast and multicast in an existing circuit
composition.

Referring to FIGS. 6 and 7, the second embodiment will
be explained below.

FIFO buffers 17C-1 to 17C-n are provided for output
ports, respectively, and FIFO buffers 17D-1 to 17D-n are
provided for output ports, respectively. The FIFO buffers
17C-1 to 17C-n are provided for the unicast, and the FIFO
buffers 17D-1 to 17D-n are provided for the multicast. Also,
a FIFO butfer 17C-1 and a FIFO butfer 17D-1 are provided
for an 1-th output port. The gate section 15B 1s the same as
that 1n the first embodiment. Agate section 15C 1n the second
embodiment 1s an additional gate, and allows an internal cell
passed through the gate section 15B to be alternatively
supplied to either FIFO 17C-1 for the unicast or FIFO 17D-1
for the multicast. The internal cell receiving section 10,
memory 13B and delay circuit 14 are the same as those in
the first embodiment.

FIG. 7 shows the format of internal cell used 1n the second
embodiment. In FIG. 7, an internal cell 40 used 1n the second
embodiment 1s provided with a unicast/multicast identifier
71 and output index information 72 in header ficld 41.

Similarly to the first embodiment, global user data such as
IP packet and ATM cell are stored in data field 73.

When the imternal cell receiving section 10 receives an
internal cell, 1t extracts the header field of the internal cell
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and sends 1t to the memory reading control circuit 12C.
Then, the memory reading control circuit 12C outputs the
unicast/multicast identifier 71 of the header field to the gate
section 15C, and outputs the output index information 72
thereof to the memory 13B. The memory 13B outputs,
similarly to the first embodiment, a bit pattern corresponding
to the output index information. The gate section 15B
allows, similarly to the first embodiment, a buffer corre-
sponding to a bit with “1” of the output bit pattern to be
enabled. The gate section 15C allows a buffer corresponding

to a FIFO buffer 17C-1for the unicast or a FIFO buifer 17D-1
for the multicast to be enabled, according to the value of the

unicast/multicast 1dentifier 71. On the other hand, like the
first embodiment, the internal cell sent from the internal cell
receiving section 10 to the delay circuit 14B 1s delayed in the
delay circuit 14B during a predetermined time, then passed
through the enabled buffer of the gate section 15B. Then, 1f
the unicast 1s designated by the unicast/multicast 1dent1ﬁer
71, the internal cell passed through the enabled buifer of the
cgate section 15B 1s passed through a buiffer of the gate
section 15C corresponding to a FIFO buffer 17C-1 for the
unicast and written into the FIFO buffer 17C-1 for the
unicast. If the multicast 1s demgnated by the unicast/
multicast identifier 71, the internal cell 1s passed through
buffers of the gate section 15C corresponding to FIFO
buffers 17D-1 for the multicast and written into the FIFO
buffers 17D-1 for the multicast. Buller management sections
17E-1 to 17E-n monitor the existence of internal cell stored
in the FIFO buffers 17C-1 to 17C-n and 17D-1 to 17D n.
When it detects that the internal cell 1s stored 1n any of the
FIFO buflers, it sends the switching request to the switching
request adjusting section 19. When the transfer allowance to
the crosspoint switch 1s 1ssued from the switching request
adjusting section 19, 1f there 1s stored a multicast cell, the
buffer management sections 17E-1 to 17E-n transfers, by
priority, the multicast cell to the crosspoint switch.
Advantages of the Invention

First, since a unicast cell 1s similarly handled in the
particular form of multicast cell, separate circuits for unicast
cell and multicast cell 1s not necessary. Therefore, the
processing circuit can be simplified.

Second, although the conventional system needs to be
provided with separate buffers for the storing inside the
system since the unicast cell and multicast cell are processed
therein separately, in this invention the buffers for the
multicast are not needed since the multicast cell 1s processed
like the unicast cell.

Third, even when it 1s used with a crosspoint switch
having no multicast function (=being not able to connect
simultaneously to multiple routes), the multicast can be
achieved.

Although the invention has been described with respect to
specific embodiment for complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modification and alternative
constructions that may be occurred to one skilled 1n the art
which fairly fall within the basic teaching here is set forth.

What 1s claimed 1s:

1. A unicast/multicast system, comprising;

an 1nternal cell generating section that generates an inter-
nal cell based on user data;

an 1mternal cell receiving section that outputs the iternal
cell to a timing generating section and outputs a header
field of the internal cell to an index search section;

an output port conversion table that stores the relation of
output index mformation and output port number in the
form of one-to-one for the unicast and one-to-multiple
for the multicast;
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said index search section that extracts output index infor-
mation from the header field to be sent from said
internal cell receiving section, refers to said output port
conversion table for an output port number correspond-
ing to the output imdex information extracted, and
outputs the output port number obtained from said
output port conversion table to a destination-based
distribution section;

said destination-based distribution section that controls a
gate section based on the output port number 1nput
from said index search section;

a timing generating section that delays the internal cell
input from said internal cell receiving section and then
outputs it said gate section;

said gate section that distributes the internal cell input
from said timing generating section to said gate section
according to the control of said destination-based dis-
tribution section;

a plurality of buffers that each store the internal cell
distributed from said gate section and, when receiving
the internal cell distributed from said gate section,
sends switching request signal to a switching request
adjusting section;

said switching request adjusting section that adjusts the
switching request signal input from said buflers
between said buffers and determines a route in a
crosspoint switch; and

said crosspoint switch that outputs the internal cell stored
in said buffers through the route determined by said
switching request adjusting section.
2. A unicast/multicast system, according to claim 1,
wherein:

said output port conversion table 1s a memory to an
address of which the output index information 1s
assigned, data stored 1n the address being represented
as a bit pattern and corresponding to an output port
number.
3. A unicast/multicast system, according to claim 1,
wherein:

said buffers have bufters for the unicast and buftfers for the
multicast assigned to one output port number;

sald header section has a unicast/multicast identifier 1n
addition to the output index information;

said destination-based distribution section controls said
gate section based on the unicast/multicast 1identifier as
well as the output index information; and

said gate section distributes the imternal cell input from
said timing generating section to the unicast buffer or
multicast buffer designated by said destination-based
distribution section.
4. A unicast/multicast system, according to claim 3,
further comprising:

a buifer management section that, 1f there 1s stored an
internal cell 1n the multicast buffer when the transfer
allowance 1s 1ssued from said crosspoint switch,
transfers, by priority, the internal cell in the multicast
buffer to the crosspoint switch.

5. A unicast/multicast system, according to claim 1,

wherein:

said user data 1s of IP packet or ATM cell.
6. A unicast/multicast system, according to claim 1,
wherein:

said buffers each are of a FIFO type buffer.
7. A combined unicast and multicast system, comprising;

plural data output ports connected to output data toward
an 1nput side of a crosspoint switch, each of the plural
data output ports designated by an output port number,
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an internal cell generating section to 1) receive an original
user data in a format, and ii) generate, from user data
destination information within the accepted original
user data, an internal cell comprising a header field
added to the original user data,

the header field comprising output port index information
indexing the user data destination information to one of
the output ports when the data 1s unicast and to plural
of the output ports when the data 1s multicast,

the 1nternal cell generating section having a first output
that outputs the iternal cell toward the plural data
output ports and a second output that outputs the header

field, and

an output port conversion section connected to 1) accept
the header field from the second output, i1) extract the
output port index information from the header field,
and 1i1) determine output port numbers by using the
extracted output port index information as an entry to
a table providing a relationship between the output port
index i1nformation and the output port numbers,
wherein,

entries of the table index to only one of the output ports
when the data 1s unicast and to plural of the output ports
when the data 1s multicast,

the header field further comprises an idenfifier indicated
whether the original user data 1s unicast or multicast,
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the output port conversion section extracts the identifier
and, from the identifier, determines whether the origi-

nal user data 1s unicast or multicast, and

the plural data output ports comprise

a first gate section of plural gates connected to a second
gate section of plural gates, each of the gates of the first
gate section connected to plural of the gates of the
second gate section,

the second gate section connected to a buifer section of
plural buffers, each of the gates of the second gate
section connected to one of the buffers, the buffers
connecting to the crosspoint switch, a first set of the
buffers dedicated for data that 1s unicast and a second
set of the buffers dedicated for data that 1s multicast,

the determined output port numbers from the table
enabling seclected ones of the gates of the first gate
section to pass the original user data to the second gate
section, and

the extracted identifier enabling gates of the second gate
section so that gates connected to the first set of buffers
are enabled when the data 1s unicast and gates con-
nected to the second set of buffers are enabled when the
data 1s multicast.
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